AGILENT LEGAL LABS Fax: 6504855487 



Aug 18 2005 10:17 P. 02 



(19) 




Europaisehes Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



OD EP 1 211 682 A2 
EUROPEAN PATENT APPLICATION 



(43) Date of publication. 

05.06.2002 Bulletin 2002/23 

(21) Application number: 01309755.S 

(22) Data of filing 20.112001 



(51) imci* G11B 20/14, G1 1 B 20/10, 
G11B 27/30 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LILU 

W)C NL PTSETR 

Designated Extension States 
, AL tf LV MK RO SI 

(30) Priority. 281 1.2000 JP 2000361529 

(71) Applicant; Pioneer Corporation 
Tokyo-to <JP) 



(72) Inventors: 

. Kuribayashi, Hlroki, c/o Pioneer Corporation 

Tfiurugashima-shi. Saltama-ken (JP) 
• Miyanabe, Shogo, c/o Pioneer Corporation \ 

Tsumgashima-shi, Saltama-ken (JP) 

(74) Representative: Haley, Stephen et al ' 
Gill Jennings & Every, 
Broadgate House, 
7 EWon Street 
London EC2M 7LH (GB) 



(54) Data recording / reproduction method and 
input data 

(57) When the present jnvontion is applied to a DVD 
recording apparatus, a data-frame generation circuit^) 
puts input user data into frames and a scramble circuit 
(2) scramble the data using M-series, Then an ECC block 
construction unrt(3) constructs ECC blocks and a RLL 
(1, 7) modulation unit(4) performs RLL modulation to 
generate recording data. In addition, in the scramble cir- 
cuit(2), a M-series generation circuital) generates a 



apparatus using random series for scrambling 



preset M -series and a conversion circull(22) selectively 
converts this M-series to different random series based 
on recording position data for tne position on the bisk, 
then an EXOR circuil(23) takes the exclusive OR df the 
input data and the converted random series to scramble 
the Input data, making it possible to perform highly reli- 
able scrambling with little correlation between parrs of 
adjacent tracks on the disk 



FIG. 1 



RECORDING 
POSITION DATA 



CM 
< 

CM 

GO 
CO 



USER. 
DATA 



L 



DATA-FRAME 
GENERATION 
UNIT 



2 

JL 



SCRAMBLE 
CIRCUIT 



MAXIMUM- LENGTH 

SEQUENCES 
O£NeAATl0M 



CONVERSION 
CIRCUIT 



n 23 



21 



22 



I 



ECC BLOCK 
CONSTRUCTION 
UNIT 



RLL (1.7) 
MOOULAT I ON 
UNIT 



RECORDING 
DATA 



CM 



CL 
111 



BNSOOOD <GP_ 



_irnee2Azj_> 



Pmteo by Jouvo. 75001 PAAiS (FRj 



BEST AVAILABLE COPY 



AGILENT LEGAL LABS 



Fax: 6504855487 



Aug 18 2005 10:18 P. 03 



EP1 211 682 A2 



Description 
[0001] 



25 



30 



35 



40 



SO 



55 



- ro ,nMnn method of scrambling data and recording the scrambled 
, The present invention relates to a data recort ngi ™* o d ^ 

<ata on a records medium (and a data ^^^SX!^^^ tha ' »" t0Bni 

entia- Phase Detects (DPD, method has ^"g^T* ^^Xnd generates a tracing s.gnai based onW 
part ia. sum of the light .ntensity d-stnbut.on of a *£M*\ ^S tha ^ being tracked by the OPD method has the same 
respects phase differences. correlate of thebit patterns, it is not possible ,o 

bit pattern as the adjacent ^^^^^^L, a n accurate track.ng servo for the DPD method. 

proper tracking-error signal. _ eonstfuc tlon of the scramble circuit tor performing the scrambling 

[0 003) FIG 14 is a block diagram show.ng ^^^V* wtja ,. va)ue generator circuit 201 . Maximum- 
described above. The scramble circuit shown ,n Fte. 14 cornpnses ,9» n M J ^ qr ^ ^ 
iength sequences generator circuit 202 navng a «ft eg* » ^J^^ of using 3 15-stage (R 0 to|R, 4 ) 

srrx^=rcrssss=~ — 9eLwf c,rcu,l2 ° 2 9en 

Maximum-.ength sequences tha. is random data >**S*P-£ ^ J b-K, ^ ^ 

10004] On ft. other hand, the in.tiat-value generator c rcu 20 J .P^ s 3 data t J recordir>g position on . 
'appear during the Maximum,ength sequences P^^r££££ ° 0 " n h6 dal9 , or tne recording position on 
t£d*. end from these va,ues. sets an ,n, t ,a. £^ J™ va ue generator c.rcu* 201 swteh^e the 
the d,sk. tor the Maximum-length sequences ^Z^T^mlZrL to the recording position. Also, the 
initial value in this way. so it is possible to perform different scmmbjng accor 9 9 ^ ^ 

EXOR circuit 205 scrambles the user data by taking the , xcfcs,ve OR of the M outpu^ ^ ^ ^ . 
shift register 203 (Ro in FIG. 14) andthe user data, ana ouvp 

ain amoum of correlation among 

,0005] However. ,n « c ™ Dtecir< ^ are applied according to the 

ediacent tracks on .he disk * genejat - J^^^i*. i a disk, depending on the modulation 
recording position on the d.sk In other words tore p a £ Ma ximum-length sequences pattern will be used 

^r~*h^ 

L plura.ity of scrambling methods, '"^ °< 

becomes dtficult and the size of the circuit jnvenl)op , 0 provide a aaW recbrd.ng 

(0007! -ncons.dera.lonof.heprob^ 

and such that h.ghly reliable scrambling is ^tttS*- o. the pLsent 

l0 008, The above ^^^2^-^ £^r2£^ Tit. method is proved ^ a 
invention of using random ser.es to scramble «pi««« > ■ ' S v_ C0 nver 31 on process 

Ming p« 0 uftg «* ««*m » ■J™"*""*"' , , M0 tp rfic g.n.,m. 



it is possible to i 
sequences. 
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bits of said random series based on said recording position data. RMM .^t M ^o 
55 According to this aspect, when generating recording data, interring ,s performed ^^Tff^ 
s LiL data tor a feed specific generated random ser.es or Maximum-length sequences to rearrange the brt order* so 
%!i£?»JL£ change me onginal Max im«m-length sequences pattern and to easily and accurately convert 

SlTTSSrSIS'^ P-ent mention, said random series conversion process converts said random 
Sis to dinerelt ranlm series by'inverting the bits of said random series according to an invert* pattern based on 

10 SrSSST^Ul wnen generating .cording data, hit inversion is performed according ,o an invented 
nTernthaUsS 

ZZTsoZ ^LlL^y change the origins- Maximum^* sequences pattern and to easi^nd 

£ random sSs^ rearranging the bit order ot the output bits of said random series based on satd raco* ng potion 
Sa and ln performs a spec.Ld calculation on the -ntarieave random series and de.ayad output of that random 
ranTm series to different random senes based oathe results of the P^^u^ 
rooTsi Acco«L to this aspect, the described delayed output ot the random Manmum-length sequences that. ^as 
CIS t£L above is obtained and ca-culat-on is performed, so it is possible to perform scrambling f ,ng 
a hiahlv reliable random series having even more reduced correlation. > Mrla L mn 
12$ In aspect of the present mvendon. said random ser.es conversion process performs i said interfering 
on a 16-M random series, then attemate.y selects and outputs the h.gh-order 8 b„e or tow-order ■ Mi 
mn-n According to this aspect, the original random Maximum-length sequences ,s configured with 1 6 bits and the 
En se^es Zx was converted by interleaving is output by abating the high-order 8 bite and iow-order 8 bite so 
; t T 8 poJb^ sequ-es « - - -amble the input data in 1 -byte units, m f ng 

medium and in said random series conversion process are converted to diKerent random series for accent trdcks^ 
SET ASordfng toV aspect, when recording the scrambled records data on a disK-sheped 
Z SJZ Process is performed as described above so it Is possible to perform effective scrambhng ot da«*on a 
General -S"rpose recording medium, such as a DVD, and thus increase reliability. , „,i Mn , 

Si Throve object of the present invention can be achieved by the data recording apparatus of the ipr*™ t 
Son .TusTng "random series to scramble mput data and generate recording data. The data racordmg apparatus 
Sd*S series generation device of generating a predetermined random senes; a random frn. 
Xerfon See of se,eS,ve.y converting said random series to different random series baaed on records poW 
A**- and a scramblina device of usinq said convened random series to scramble input data 
Sir^^CK^ invention, when generating recording data, a lixed specific generated 
K imum..engtn sequences is se.ectively converted based on 

scrambhng using differant random series when the recordmg positions are close to each other, o addKion «nc* only 
one ol Vs Maximum-length sequences that were prepared in advance needs to be used, construct** • afenpl*. and 
7Z S£ZZ perlnJn scramming wtth higher re,iabi.i«y than when changing the initia. value of the Max-mum-length 

S^n one aspect of tne present invention, said random series conversion device includes an ^rteaving idMee 
or reananomq the order of the output bits of said random series based on said recording position data, and converts 
SJl?^ «ndom series Py performing lnrer.eav.ng on said random series by said .nteri.av.ng 

device . 
[0023J According to this aspect, when generating recording data. inter.eav.ng is perfbrmrt based on recording .po- 
sition data for a taed speafic generated random series or Maximum-length sequences to rearrange the bit order, so 
ft Is posaloli to arbitrarily change the ongtna. Max.mum-.ength sequences pattern end to easily and accurate* convert 
the Maximum-length sequences. . .^rci™ 

[0024] in another aspect of the present invention, ea.d random .eries convert device .nclude 6 a 

device ofinv^^ 

series to different random series by inverting The bits of said random senes by said bit inversion dev.ee. , 
£ 2 5] According to this aspect, when generating recording data, bit inversion is performed *T^™JZ£ 
pattern that is based on the recording position data for a fixed specifically generated random ^^*^^^ r J^^^^^^^'J^ 
sequences, so It is possible to arbitrarily change the original Maximum-length sequences pattern and to easily and 
accurately convert The Maximum-length sequences. [ 
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10D261 m further aspect ot the present .nvent.on. said random ser.es convex dev«e .nc.udes an 
device of rearranging the order ol the output Ms of said random series based on sa.d recording position data a dday 
Z ice of general delayed output of the random series after interleaving has been performed and a calculation 
device of performing a speeded captation on the random sehes that is interred by sa,d interleaving device 4nd 
5 .hadeiaved output ot said delay device, and perforrns conversion based on the calculation results. ; 
00271 According to this aspect, the described delayed output of the random Maximum-length sequences that *as 
interleaved as desenbed above is obtained and calculation is performed, so rt Is possible to perform scrambhng usSng 
a highly rehable random series having even more reduced correlation. 1 ^ il „ k „,l„t 
[00281 in lurther aspect of tne present invention, said random senes converse dev.ee .ncludes a selective output 
,a device ot alternately selecting the h.gher-order 8 bits or lower-order 8 bits after interleav.ng was performed on a 16-btt 
random series by said interleaving device. ^Lk* 
00291 According to th, S aspect, the original random Maximum-length sequences ,s configured wth 16 b«ts ar^the 
anfom se .es thafwas converted by in.erteaving is output by a-tematlng the high-ordar 8 b„s and low-order 8 brts 1 so 
to Keep the original Max.mum-.engtn sequences as .s and scramble the input data .n 1 -byte units, making 

' 5 loSSrTnSe'r^o. the present invention, sa,d record.ng data are recorded in order on tne .racks of a «sk- 
S rec^gmXm, and sa'd random sehes conversion dev,ce converts said random series to different random 

mFSZZ!^ aspect, when record.ng the scrambled recording data on a d.ak-shaped 
20 C scrambling process is performed as desenbed above so .t is poss.ble to perform effective scrambling o, data on a 
general-purpose recording medium, such as a OVD, and thus increase reliability 

?003 2 T The above object ot the present invention can be achieved by the data recording method of the prefeent 
Son fo descrembling input data by using a random series wn,ch generates reproduction data by ua.ng the random 
c2l that were selected during scrambling to descramble said input data, which were scramb.ed by the data recording 

15 ToOmT According to the present Invention, on the data reproduction side, ,t is possible ,o perfo-rr ' ^ c ^9 ^ 
he same construction as scrambling that is performed on the data recording side, where the random 
selected during the scrambhng process are determined, and the .nput data are descrambled with these Max-n^m- 
fengti sequences Therefore, in a system of recording and reproducing data w,«h this Kind of comb.nahon of scrambling 

so and descrambling. highly reliable processing is possible. „J- ttn , 
?00341 The above object of the present Invention can be achieved by the data recording apparatus of be present 

nven^ 

serS that were selected during scrambling to descramble said input data, which were scrambled by the data recofdmg 

05 SrAccordingtomepresentinvemion.onthedatareprodurtion^ 

he same construction as scrambling mat is performed on the data recording side, where the random se nes t anvere 
selected during the scrambling process are determined, and the Input data are descrambled w.th iheae Max.rhum- 
fe?gm sequlnc 9 es. Therefore, in a system o, recording and reproducing data with this Kind of comblnaUon o« scrambling 
and descrambling, highly reliable processing is possible • 

40 

IN THE DRAWINGS 
[O0361 

FIG. 1 is a block diagram ot the major construction ot a DVD recording apparatus used as the data recording 
apparatus of an embodiment of the present invention , [ 
FIG. 2 is a diagram showing the data configuration of a data frame ; '■■ 
FIG 3 is a diagram showing the data configuration of an ECC block ; < 
FIG 4 is a diagram showing the track configuration of a DVD disk used as the recording medium . , 
FIG 5 is a diagram showing the method of assigning scrambling corresponding to scramble Nos O to 1 5 for each 
ECC block recorded on the tracks of the DVO disk 

FIG 6 is a diagram explaining the theory of a scrambling process that uses Maximum-length aequances ; : 
FIG 7 is a block diagram showing a hret example of ihe construction of a conve*ion c.rcu.t; 
FIG 8 ,s a diagram showing an example of the data configuration of the interleave pattern of an interleave c rcuft ; 
FIG 9 is a block d.agram showing a second example ot the construction ot a conversion circuit ; I 
FIG 10 ,s a diagram show.ng an example ot the data configuration of the inverted pattern of the mverted-p^ttem- 
Generation unit; 

FIG ii is a block diagram showing a third example of the construction of a conversion c.rcua ; - 
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RG. 12 is 8 block diagram of an additional circuit thai »s more goner*.*** than the actional circuit in the con- 
version circuit ot the Third example of construction : t . nril nnri 

JSTstaX. ^ram showing an examp.e of change, .0 the ^^^T." aBd : 

FIG. 14 is a block diagram showing the construction 0. a conventual scramble cucuR • 

!l2?" n!!, »h. FXOR circuit 23 takes the exclusive OR of the user data in the data frame and Maximum-length 

^J^^^^«^ *■ - ,he r rarnbled date f,ame A detai,ed ? p 

nation of the construction and function of the scramble circuit 2 will be grven later. th „i..„ r . 
"nS 

ZSJ^££t to form an ECC block The data configuration ot the ECC block .s shown * , FK3 *The 
scrambles as oescrweu * data |n wh(Ch S(Jrteen data fr dm e6i 

;aS)isaddeot«i 192 bytes in the vertical dire^ion, anda 10-byleP. (Inner-codepamy) ,saddedtothe 172bytes 
in the horizontal direction Overall, an ECC block that is 182 bytes x 208 rows 'Constructed. . 
Md3i Finally in the RLL (1 7) modulation unit 4. RLL (1 , 7) modulation .s performed on the ECC block RLLjl , 7) 
1 „ t ^ J f RLL (Run Length Limited Code), and In addition to be,ng a method of modulahng th<*2-b.t 
moduiauon ,s a rype of RLL («*£J» ' L ™£ ^ mjnimom jrwer3ion jme(val during wording is limited 

^^^n^^^(jS^m to Zero Inverse), and the maximum inversion interva. is .fmited 
ofl T e RL (1 7) m Son method has various advantages in that by combining it with V,terbi decoding. « . 
poss Je to "crease tne ..near record.ng density, simplify the moduiator.demodu.ator circuit, and use a low-frequency 

S FIG 4 and FIG. 5 w.11 be used to explain in data., the data recording method ot mis embodiment, which 
KmeSS of sen.no me sbaeen acramonng methods that correspond to the d.sk position data as desert ed 
FiG 4 is a diagram showing the track configuration of a DVD disk 5 used as the record.ng med.um *f»«*P* 
tracks are formed on the DVD disk 5 from the inside to the outside. In FIG. 4, track numbers are g,ven to the jrecks 
on'he DVD disk 5 for each revoluoon of the d,sK starting trom the inside (the three tracks in F.G. 4 are «"*^* * 
n to tr n+2). Moreover, FIG. 5 Is a diagram showing The method of assigning scrambling ~n^nd«g «• "j™ b '° 
No 0 to 15 (indicated as scrO to scrlS in F.G. S) for each ECC block recorded on the tracks of the DVD da 5 
«D04sl For the DVD disk 5. the Constant Linear Velocity (CUV, method is adopted as the record.ng method to, r re- 
cording data at a constant linear speed. There.ore. as shown in F.G. 5. depending on the radius of the reding 
position of the DVD disk, the number ol ECC b.ocKs per one track circumference (one track number ,n FIG 5) diners. 
With the arrangement shown ,n FIG. 5. when the sixteen scramble numbers are assigned m order to the ECC blocks, 
the same type of scrambling is not used for adjacent track pa.rs, as will be explained below. 
004G] To show tne relanonship between the portion o. the tracks on the DVD d-sk 5 and the f^^^J^ 
shows an example near the mside of the disk, and FIG 58 shows an exam P ,e near the outside of the d.SK. In the case 
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^ on* trark and in the case of PIG SB twa ECC blocks are located on one 
or FIG 5 A. r ECC ,ne same between the accent thjee 

track, in e.thercase. d can be ••"^J^JJ^ scramble numt3ers are seI for pairs of adjacent track.. Of >he 

bl0CkS or ,ess -ocated on every two tracks (W^^-r^ 1 fl ^ ^ ^ ^ 

T. r^sk" a - r.t2S fcrm. outermost of the DVO 5. By sa.is«v,n 9 the afore- 

for three adjacent tracks scrambling process that uses the Maximum-length 

,004*1 Next. F.G fl 6 w... be a to ex ^ « ces ^ . cjrcuit> . mu , t , s(age ljnear .eedhack 

sequences °^^^ ta 8 S^T M sh0 wn in FIG 6. the circuit can be constructed by arranging ^ n- 
shift register can be constructed In other woros^as s corr e 6 oond to the amount of feedback of each 

6 can be expressed by the following polynomial H(x) ; 

H(x) = x n *h n . 1 x n - , -h (v2 x n - 8 4...^ a x 2 -h,x , . 1 jO> 

r:;r P :.^ - « - — - - — ^ this 

r^r M rmf r 

T r Tnllelr^ tS a 2 kBylL peto Sow* * scremb.ing of user data wih be exp.ained. In 

S^^ZT^^^^i«y«»mW of Equation (1 ) to give a period of approx.mate* 2 Kbytes «M- 
ao^THoweve^ 

roos?i Sh Ne« RG° 7 is a block diagram showing a hrst example a, the construction of the conversion Circuit f J. this 

mi an mterleave circuit 102 a flip-flop 103. a selector 104 and a timing-control unit 105. • 
M«T ?fS 7 h shift register 101 has 16 stages that are mdicated as R 0 to R, 5> and the Max.mum-.ength 
5L s that was o tput fromthe Maximum-length sequences generation circuit 21 is input as serial, tela fortevery 
i Kir S shifl TreflisTer 101 shifts the bits in order in the shift direction shown by the arrow (from Rj towardR, 5 ) 
Ladin^^ 

Er each 2e a Tb sh« is performed by the shift register 101 . and then outputs the >T^° 
S staoi r t o L of the flip-flop 1 03. In other words. Maximum-length sequences that are input to the ehrft regis er 
w dSUi random series by the interleave circuit 102. When doing this, ft is poss, •» - . **» 

o !mer.eave patterns for the Interleave circuit 102 (for example, constructing a data table ,n the memory) and specific 

2ST T^remtionship between the .nterleave pattern in the inter.eave circuit 1 02 and the -ramble number win be 
Ened here. The interteave crcuit 102 performs inter.eavlng according to the Mta-ng equa«on between ihe dh 
output bit ai from the shih register 1 01 and the kth output bit bk (mm the interleeve crcurt 1 02. r 

bk = aj I. 
j = lSn + (Snx2 + 1)xkx(k*1)/2)mod16 j ( 2 ) 
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where: 



Sn: Scramble number 
Modi 6. Finds Modulo 16. 
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[00551 Interleaving is performed for the Maximum-length sequences by performing the calculation of Equationr<2) 
tor each of the output bus j = 1 to 16 Also, since calculation of Equation (2) changes for different scramble numbers, 
different interleave patterns are obtained. 

roo561 Next the flip-flop 103 has 16 stages that are indicated by Q 0 to Q 15 , and parallel data are input from She 
nterteave circuit 1 02 and held in each of these stages O 0 to Q 1S . The timing-control unit 1 0S supplies a load s.gmjl to 
the flip-flop 103. and when this signal « received, the output bits that are held In the stages Q 0 to 0„ are output to 
the selector 104 8 bits at a time as will be explained later. J 
f00571 The selector 104 divides the i S-bit parallel data that are output from the flip-flop 1 03 .nto 8 h.gh-order bits 
and 8 low-order bits and outputs one or the other in 1 -byte units . The timing-control unit 105 Supplies a H/L selection 
signal to the selector 1 04 tor switching the order of the 8 h.gh-order bits and 8 low-oraer bits of the output data from 
tne selector 1 04 according to tne h/L selection signal I 
ro0581 xne ttmingcontroi unit 105 generates a load signal and the H/L selection signal mentioned above accord.ng 
to a reference clock When doing mis, the timing-control unit 105 counts the number of bits of the wiax.mum-iength 
sequences input to the shift register 101, and changes the pattern for the load s,gnal every 16 bits, and for the H/L 
20 selection signal every B bits. ' 

f00S91 The Maximum-length sequences is converted by the conversion circuit 22 in this way, and the 8-b.t output 
data are output from the selector 104 to the EXOR circuit 23. The EXOR c.rcuit 23. scrambles the user data by a 
random series after conversion, as described above, and outputs the scrambled data. ■ 
rOOSOl in the EXOR circuit 23 shown in FIG. 7. processing is performed in 1 byte <8 bite) units, and the output data 
25 and user data from the selector 104 are input as B-bit w.de parallel data. However, this construction is not necessary 
and construction in which the output bits from each stage Q 0 to Q„ of the flip-flop 1 03 aro supplied one bit at a time 
to the EXOR circuit 23 as serial data, and calculation is performed with the user data in 1 -bit units .s also possjbie. 
Moreover, construction in which all of the output bits from each stage Q 0 to Q„ of the flip-flop 103 are supplied aijone 
time to the EXOR crcu.t 23. and calculation is performed in the EXOR circuit 23 for pa.rs of 16-brt w,de parallel data 

30 is also possible. , . . ._.,,._.„. 

[0061 1 FIG 8 is a diagram showing an example of the data configuration of the Interleave pattern of the Interleave 

cvc 02 the interleave pattern shewn in FlG. 8 contains the connection relationship for the output bits from the 

stages R„ to R 1S of the shift register 1 01 on the input side and for the stages Q 0 to 0 18 of the flip-flop 1 03 on the output 
side as setting data, m addit.on, it contains 1 6 setting data items tor the scramble numbers o to 15, and since a drffercnt 

as connection relationship is set for each, it is possible to selectively generate 1 6 different random senes from the ,nput 
Maximum-length sequences. J. K ™ 
[00621 FIG 9 is a block diagram showing a second example of the construction of the conversion circurt 22 of this 
embodiment. The conversion circuit 22 of the second example shown in FIG 9 comprises an 8-stage shift register^ 11 , 
inverted-pattern generation unit 112 and EXOR circuit 113. 

ao [00631 in FIG 9 the shift register 111 has 8 stages that are indicated as R 0 to Ry. and it shifts the bits of the Maxrmum- 
length sequences' which was output from the Maximum-length sequences generation circuit 21 and Inputs one bit at 
a time as serial data, .n order in the shift direction shown by the arrow (direction from Ro to R 7 ) Then, .t output* the 
8-blt parallel data, wnlch is formed from the output bits of the Stages R<, to R 7 of the shift register 111 . to the EXOR 
circuit 113, 

« [00641 The inverted-pattern generation una 11 2 generates an B-bit inverted pattern for Inverting th* output bite from 
the stages FU to R 7 of the shift register 111 , and outputs the inverted pattern to the EXOR circuit 113. For example, 
the Inverted pattern is constructed such that of the output bits, the bits to be inverted are 'V and the b.ts not to be 
inverted are '0\ At this time It is possible for the Inverted-pattern generation unit 1 12 to generate a plurality of inverted 
patterns and select specified inverted patterns to match the aforementioned scramble numbers. ! 

so [0065] The EXOR circuit 1 1 3 takes the exclusive OR of the 8-bit parallel data from the shift register 1 1 1 and the jB-bit 
inverted data from the inverted^pattern generation unit 1 1 2, and generates 8-bit output data of which the bit pattern of 
the stages R 0 to R 7 of the shift register 11 1 is inverted. [ 
[0066] FIG 10 is a diagram showing an example of the data configuration of the inverted pattern of the .nvejrted- 
pattem-generation unit 1 1 2 The inverted pattern shown in FIG 1 0 contains 16 setting data items for scramble numbers 

55 0 to 1 5. The setting data for each scramble number are each a different inverted pattern, so It is poss(ble to selectively 
generate 1 6 different random series from the input Maxirnum-length sequences. ; 
[0067] Taking into consideration conformity with the first example of construction shown In FIG. 7, the construction 
of the second example shown in FIG. 9 is such that the Maxirnum-length sequences that is input from the Max.mum- 
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suitable data width such as 1 -bit or 2-bytas. construction of the conversion circuit 22 ot 

l0 068, Next, RG. 11 * a block ^^^ZtZ^^Zl^ shown .n FIG. 11 , comprises an add, 
this embodiment. The convers.on oreu.t 22 of the third example o mb ' » . . hj)t regjster 101 

„onal c,«,t 106 lor reducing the correlation among Max-mum-^ng " jequences In add ho to eg ^ 
interleavecrcuit 102, flip-flop 103. selector 104 and J^SlS^^i^,*!^ .^MiZSe WlinQ 

[0 069) AsshowninFIG.11.theaddit.onalc,r^ 

Circuit 107 and delay element 1 08. In this construct, on, ^^f^^J^or , 04 and the 8 b-tsbat 

reset s )g na. to the delay element 108 at the start ot ^^^^^JZm^m series that are based 
[0070, By using the additional circuit 1 06 shown .n RG n n* JJ^J*^ from , he de|ay elBmen , , 0B . so 
on the iunct.cn ot the interleave c.rcuu 1 02 attect the aenerabon , ««■ a (<j 
cnanges in the random ser-es become larger. In shewn in FIG. ». the 

each other time wise is ^^^ ^ ZXZSZ * «• P— * » ^ ^ 
trurd example shown in FIG. ii uses a ranaqm »ciicp 

^o,nthe,h,rde^ = 

, ali on. and when the dale width is n bits. « ^"^^J^ £££ £ nerall2ed than the add.tiona. «rcuit 
(0072) Next, FIG. 12 ,S a block d.agram of an add,, onal e rcurt that « , ™' e 9 e generalized additional 

06 ot the conversion circurt 22 in the third example of <""^"*££ ^J^JS -nit 301 . not .iUed 
drcu.t 30 comprises a ca.cu.at.on un.t 301 and a plurality exclude OR beLeen the input data and 

very effective n reducmg the collation ^^l^^'^' 1 ^,^ shown in F |G. 7, the constrtct.cn 
[00731 raking into consideration conformity ^ sequences 

of the «h.rd as well is sucn that the MaximumOenglh seque ce ^a^ mpuU J ^ ^ ^ 

such a& 1 bit or 2-bytes. ^vniainpH however iT is also possible to use 

[0074] A „rst. second and third I = o, ^^^^^^^c,^ shown 
combinations ol these exampiee. For example. . .s PJ>»"« » ° cons , ruction sn0 wn in FIG 7 Also, .n contrast, 
in FIG. 9 on the random ser.es that nave been already convey by the » «» ft ^ on ^ w ran(Jom series tnat have 
„ is possibie to perform convers.on according ™£fi£^£?^^ mm ™m^ 

rnr;rrr e Ten== 

o. construction, can be used in comb.nation wan - *»— «— «*• « 

[007S] W«h the embodiment o. the ^ J^"*^ ^TJlSS end scramb.ing is performed by 
generated baaed on specified Maximum-length sequences that .s set jn • ° y ^ 

using the different random series that correspond to £ ™£f L^sutt. it is po'eLe to 

scrambling with low correlation between adjacent eed. -on th e DVO 1 ^ 

2= ^r^hX^- » be peered in advance JJ is no, 
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30 



36 



calculai.cn results are convened by the conversion circuit 22 and the ouipui data are output to the ECC block con- 

the present invention to a data record^ method « 
footed data frame and ECC block construction, and us.ng an RLL (i , 7) ^^^^ £f m 
modulation was explained, however ir * also possible to app-y the present invention to other formats as long as scram 
biinq is performed based on Maximum-length sequences. MW *„ mt! c „t> m 

order of the output bits to the original order 
Claim* 

,. Adetarecorxtingmeihodofusingrand^^ 
in that The method comprises: 

a random ser.es generation process (21)01 generating a pre determined random scries; • 
a random series conversion process (22) of se.ectively convening sa.d random ser.ee to efferent random 
series based on recording position data, and 

a scrambling process (23) of using said convened random series to scramble .nput data . 

The data recording method accord.ng to claim 1 , where.n said random series convers.cn process (22, converts 
LTd <TZ Sea to efferent random series by performing .nterleavrng on said random ser.es by rearing tho 
bit order of the output bits of said random senes based on said recording pos.t.on data 

The data recording method accord.ng to claim 1 . wherein said random series conversion process (22) converts 
laid ^dom series to different random senes by inverting the b.ts o. said random sarias accord.ng to an .nv^rted 
pattern based on said recording position data i 

The data recording method according to Claim 1 . wherein said random series common 9™*™W J-J™ 
imerleaving on sa"d random series by rearranging the bit order o. the output b.ts of sa.d random ser.es based I on 

output of that random series and converts said random series to different random ser.es based on the results of 



40 



the performed calculation 

The data recording method according to claim 2 or claim 4. wherein said random series conversion 
performs said interieaving on a 16-bit random series, then alternately se.ects and outputs the h.gh-order 8 farts or 
Iow*order8 bits. 



6 The data recording method of any one of cla.ms i to 5. wherein said recording data are recorded In order on tracKs 
on a disk-shaped med.um, end in sa.d random series conversion process (22) are converted to dtfferen, rahdom 
45 series lor adjacent tracks. 

7. A data recording apparatus (2) that uses random series to scramble input data and generate record.ng:dete. 
characterized in that the apparatus comprises: 

50 a random series generation device (21 ) ot generating a predetermined random series; • 

a random series common device (22) of selectively converting said random senes to Afferent random ser.es 
based on recording position data, and 



55 8. 



a scrambling device (23) of using said convened random eenes to scramble .nput date. 

The data recording apparatus (2) according to claim 7, where.n said random series conversion dev.ee (^udes 
an interleaving *vic^ 02) of re arranging. he order of me OuU>ut bits of said random ser.es ^ 
posibon data and converts sa,d random seriesto different random seriesby perform.ng ,nterleav,n e on sa.d random 
series by said Interleaving device ( 1 02) • 
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9 The data record-ng apparatus (2) according to daun 7 wherein said random series convers-on dev.ce l») nc'udes 
a bit inversion device £1 2) of .nvarting b.ts accord.ngto an inverted pattern based on sa.d record.ng posmon d*a 
and conve^ sa id random series to different random senes by .nvert.ng the b,ts of sa.d random ser.es by sa.dfb.t 
aversion device (112) 

10 Thedatarecordingapparatus^accordingio^ 

' an interleavin 9 device(102) of rearranging reorder otthe output bits of said random series based on sa.d recording 
pos.t.on data, a delay dev.ce (108) of generating delayed output of the random series attar .rrterteav.ng has bjen 
performed and a calculation device (107) of performing a specified calculation on the random senes that .s Inter- 
leaved by said interleaving dev.ce (102) and the delayed output of said delay means, and performs conversion 
based on the calculation results. • 

1 1 The data record.ng apparatus (2) according to claim 8 or 1 0. wherein said random series conversion dev,«> j22) 
rc?ude?a^ecS output devK* (104) of alternately selecting the h-gher-orderS bits or .ower-order 8 brisker 
mterieaving was performed on a 16-bit random series by said interleaving device (102). , 

The data racordlng apparatus (2) according to any one of the claims 7 to 11, wherein said recording data;are 
horded in order on the tracKs of a d,sk*haped record.ng med.um. and said random senes convers.cn device 
(22) converts said random series to different random series for adjacent tracks. • 



12. 



13 A data reproduction method lor descramblmg input data by using a random series which; I 

generates reproduction data by using the random senes .hat were selected during scrambling to descramble 
said .npui data, which were scrambled by any of the data record-ng methods according to any one ot claims 1 to 6 

25 14 A data reproduction apparatus for descrambling input data by using a random eerie* which, ; 

generates reproduction data by using the random series that were selected dunng scrambl.ng to descramble 
sa.d input data, which were scrambled by any of the data recording methods according lo any one of cla.ms 1 To 6. 
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(54) Data recording / reproduction method and 
input data 

(5?) Whentho present invention is appliad to a DVD 
recording apparatus, a data-frame generation circuit(1) 
puts input user data into frames and a scramble circuit 
(2) scramble- the daia using M -series, then an ECC block 
construction unit(3) constructs ECC blocks and a RLL 
(1, 7) modulation unit(4) perlorms RLL modulation to 
generate recording data. In addition, in the scramble cir- 
cuit^), a M-series generation circuital) generates a 



preset Miseries end 2 conversion circuit(22) selectively 
converts this M-series to diffenent random series based 
on recording position data for the position on the disk, 
men an EXOR circuit(23) Takes the exclusive OR of the 
input data and the converted random series to scrarhble 
the input data, making it possible to perform highly^eii- 
able scrambling with Irnle correlation between pairs of 
adjacent tracks on the disk. j 
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